3,3-Dimethyl-1-(trifluoromethyl)-1,3-dihydro-1-l3,2-benziodoxole represents a popular reagent for trifluoromethylation. The s hole on the hypervalent iodine atom in this "Togni reagent" is crucial for adduct formation between the reagent and a nucleophilic substrate. The electronic situation may be probed by high resolution X-ray diffraction: the experimental charge density thus derived shows that the short intermolecular contact of 3.0Å between the iodine and a neighbouring oxygen atom is associated with a local charge depletion on the heavy halogen in the direction of the nucleophile and visible polarization of the O valence shell towards the iodine atom. In agreement with the expectation for l3-iodanes, the intermolecular O/I-C aryl halogen bond deviates significantly from linearity.
A "halogen bond" denotes a short contact between a nucleophile acting as electron density donor and a (mostly heavy) halogen atom as electrophile;
1,2 halogen bonds are a special of s hole interactions.
3-5 Such interactions do not only play an important role in crystal engineering;
6-11 rather, the concept of a nucleophile approaching the s hole of a neighbouring atom may also prove helpful for understanding chemical reactivity.
The title compound provides an example for such a s hole based reactivity: 3,3-dimethyl-1-(triuoromethyl)-1,3-dihydro-1-l3,2-benziodoxole, 1, (Scheme 1) commonly known as "Togni reagent I", is used for the electrophilic transfer of a triuoromethyl group by reductive elimination. The original articles in which the application of 1 12 and other closely related "Togni reagents" 13 were communicated have been and still are highly cited. Triuoromethylation is not the only application for hypervalent iodine compounds; they have also been used as alkynylating 14 or azide transfer reagents. 15, 16 The syntheses of hypervalent iodanes and their application in organouorine chemistry have been reviewed, 17 and a special issues of the Journal of Organic Chemistry has been dedicated to Hypervalent Iodine Catalysis and Reagents.
18
Recently, Pietrasiak and Togni have expanded the concept of hypervalent reagents to tellurium.
19
Results from theory link s hole interactions and chemical properties and indicate that the electron density distribution associated with the hypervalent iodine atom in 1 is essential for the reactivity of the molecule in triuoromethylation.
20
Lüthi and coworkers have studied solvent effects and shown that activation entropy and volume play relevant roles for assigning the correct reaction mechanism to triuoromethylation via 1. These authors have conrmed the dominant role of reductive elimination and hence the relevance of the s hole interaction for the reactivity of 1 in solution by ab initio molecular dynamics (AIMD) simulations. 21, 22 An experimental approach to the electron density may complement theoretical calculations: low temperature X-ray diffraction data of sufficient resolution allow to obtain the experimental charge density and associate it with intra-and inter-molecular interactions. [23] [24] [25] Such advanced structure models based on aspherical scattering factors have also been applied in the study of halogen bonds. [26] [27] [28] [29] [30] In this contribution, we provide direct experimental information for the electronic situation in Togni reagent I, 1; in particular, we analyze the charge distribution around the hypervalent iodine atom.
Excellent single crystals of the title compound were grown by sublimation. § The so-called independent atom model (IAM), i.e. the structure model based on conventional spherical scattering factors for neutral atoms, conrms the solid state structure reported by the original authors, 12 albeit with increased accuracy. As depicted in Fig. 1 , two molecules of 1 interact via a crystallographic center of inversion. The pair of short intermolecular O/I contacts thus generated can be perceived as red areas on the interaction-sensitive Hirshfeld surface.
31
The high resolution of our diffraction data { for 1 allowed an atom-centered multipole renement 33, 34 and thus an improved model for the experimental electron density which takes features of chemical bonding and lone pairs into account. Fig. 2 shows the deformation density, i.e. the difference electron density between this advanced multipole model and the IAM in the same orientation as Fig. 1.k The orientation of an oxygen lone pair (blue arrow) pointing towards the s hole of the heavy halogen in the inversion-related molecule and the region of positive charge at this iodine atom (red arrow) are clearly visible. Single-bonded terminal halides are associated with one s hole opposite to the only s bond, thus resulting in a linear arrangement about the halogen atom. Different geometries and potentially more than a single s hole are to be expected for l3-iodanes such as our target molecule, and as a tendency, the resulting halogen bonds are expected to be weaker than those subtended by single-bonded iodine atoms. 35 In agreement with these theoretical considerations, the closest I/O contacts in 1 amount to 2.9822(9)Å. This distance is signicantly shorter than the sum of the van-der-Waals radii (I, 1.98Å; O, 1.52Å (ref. 36)) but cannot compete with the shortest halogen bonds between iodine and oxygen 37, 38 or iodine and nitrogen. 39-41 Fig. 1  and 2 show that the C aryl -I/O contacts are not linear; they subtend an angle C10-I1/O1 0 of 141.23(3) at the iodine atom.
On the basis of theoretical calculations, Kirshenboim and Kozuch 35 have suggested that the split s holes should be situated in the plane of the three substituents of the hypervalent atom and that halogen and covalent bonds should be coplanar. Fig. 3 shows that the C aryl -I/O interaction in 1 closely matches this expectation, with the next oxygen neighbour O1 0 only 0.47Å out of the least-squares plane through the heavy halogen I1 and its three covalently bonded partners C1, O1 and C10. The Laplacian, the scalar derivative of the gradient vector eld of the electron density, emphasizes local charge accumulations and depletions and it allows to assess the character of intra-and inter-molecular interactions. A detailed analysis of all bonds in 1 according to Bader's Atoms In Molecules theory 42 is provided in the ESI. ‡ We here only mention that the electron density in the bond critical point (bcp) of the short intermolecular I/O contact amounts to 0.102(5)eÅ À3 ; we are not aware of charge density studies on l3-iodanes, but both the electron density and its small positive Laplacian match values experimentally observed for halogen bonds involving O and terminal I in the same distance range.
43
The crystal structure of 1 necessarily implies additional contacts beyond the short halogen bond shown in Fig. 1 and 2 . The shortest among these secondary interactions is depicted in Fig. 4 : it involved a non-classical C-H/F contact with a H/F distance of 2.55Å.
The topological analysis of the experimental charge density reveals that this non-classical C-H/F hydrogen bond and all other secondary contacts are only associated with very small electron densities in the bcps. Table S8 in the ESI ‡ provides a summary of this analysis and conrms that the I/O halogen bond discussed in Fig. 1 and 2 represents by far the most relevant intermolecular interaction.
The relevance of this halogen bond extends beyond the crystal structure of 1: Insight into the spatial disposition of electrophilic and nucleophilic regions and hence into the expected reactivity of a molecule may be gained from another electron-density derived property, the electrostatic potential (ESP). The ESP for the pair of interacting molecules in 1 is depicted in Fig. 5 . Fig. 5 underlines the complementary electrostatic interactions between the positively charged iodine and the negatively charged oxygen atoms. One can easily imagine to "replace" the inversion-related partner molecule in crystalline 1 by an incoming nucleophile.
The ESP tentatively obtained for a single molecule in the structure of 1 did not differ signicantly from that derived for the inversion-related pair (Fig. 5) , and even the results from theoretical calculations in the gas phase for an isolated molecule 20 are in good qualitative agreement with our ESP derived from the crystal structure. In the absence of very short contacts, polarization by neighbouring molecules only has a minor inuence on the ESP. The experimentally observed electron density matches the proven reactivity for the title compound, and we consider it rewarding to extend our charge density studies on related hypervalent reagents.
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